Objective: To compare the risk of HIV and sexually transmitted diseases (STD) among homeless Muslim (circumcised) and Hindu (uncircumcised) men in Kolkata, India.
Introduction
Many observational studies have reported a correlation of male circumcision with a reduced risk for HIV infection. The Cochrane Collaboration published a review of the available studies suggesting that circumcision can be used as an intervention to prevent HIV infection [1] . The updated review included 37 observational studies, 18 conducted among the general population and 19 among high-risk populations. The results of clinical trials held in Kenya and Uganda have recently demonstrated the protective effect of male circumcision on HIV infection [2] . The results of the two clinical trials support the findings of the South Africa Orange Farm Intervention Trial [3] .
India has the highest number of HIV cases in the world according to UNAIDS, with an estimated 5.7 million people living with HIV/AIDS [4] . Although there is a high prevalence of HIV among sex workers and drug users, HIV prevalence (0.9%) among the general population is still relatively low. India has over one million inhabitants; therefore, even a small increase in the prevalence of HIV would represent a significant increase in the world's HIV/AIDS burden. The majority of the cases are in urban areas, fuelled by commercial sex workers (CSW) and their customers, and heterosexual spread beyond them to others. India is considered to be a 'next wave' country; that is, it stands at a critical point, with HIV poised to expand. Circumcision is usually determined according to religion in India, and there are strong beliefs and opinions surrounding its practice. It is mostly practised in India among Muslims, who comprise less than 15% of India's population [5] .
So far, only two studies from India have reported on circumcision and HIV risk. Both studies were conducted among attendees at sexually transmitted disease (STD) clinics, where there is a strong potential for selection bias [6] . National HIV sentinel surveillance is carried out annually to identify the sociodemographic characteristics of those infected, in addition to estimating HIV prevalence, but information on circumcision and religion are not captured in the surveillance database.
The present population-based study investigated the association of the Muslim religion with HIV infection and other STD among homeless men in Kolkata, India. The findings of this study are relevant to the debate on circumcision and the risk of acquisition of HIV.
Methods
We obtained data on sociodemographic characteristics, including religion, behavioral risk factors, and HIV/STD prevalence, using a two-stage probability proportionate to size cluster design among homeless men in Kolkata, India. The study area included seven municipal wards located in the downtown area of Kolkata city, where the majority of homeless live. The survey targeted men aged 18-49 years who lived in public spaces within the study area and had been living there at least 30 days. An anonymous questionnaire was administered to each participant. The first part of the question included non-sensitive questions such as sociodemographic characteristics, knowledge about HIV/AIDS, condom use, etc. The sensitive questions relating to sexual behavior were included in the second part, administered by CD player with earphones and an answer sheet utilizing symbols rather than words, because many of the men were illiterate [7] .
We followed World Health Organization strategy III for HIV diagnosis. The following three different rapid tests were used: (i) HIV Comb test; (ii) HIV Tridot test; and (iii) HIV enzyme immunoassay. Men seropositive on all three tests were considered to be HIV infected. All test kits were approved by the Ministry of Health, Government of India. The rapid HIV antibody testing kits were evaluated using an established panel of samples, and all showed 100% sensitivity and specificities in the range of 98.6-100%.
To identify syphilis, the toludine red unheated serum test (Span Diagnostics Limited, Surat, India) and TPHA 500 (Newmarket Laboratories Ltd., UK) were used. Urine was tested for Neisseria gonorrhoea by the polymerase chain reaction nucleic acid amplification and nucleic acid hybridization technique (Amplicor NG Test; Roche Molecular Diagnostics, India). All the kits used for this study were approved by the Drug Controller Authority of India.
All participants received counseling before and after testing, as well as free treatment for STD and access to free condoms. Those found to be HIV positive were referred to the Ante Retroviral Treatment Centre run by the government for follow-up and free HAART and other medications.
The two-stage cluster design sample gave us a selfweighted sample. Analyses were performed using the SAS program (SAS 9.1.3; SAS Institute, Inc., Cary, North Carolina, USA). Descriptive analyses of all variables were done using proportions and means when applicable. A x 2 test was performed to compare proportions, and was considered significant if the P value was less than 0.05. Adjusted logistic regression was carried out to detect predictors of being HIV positive and having other STDs.
The study was approved by the Institutional Review Boards of the University of California, Los Angeles, USA and the Indian Council of Medical Research.
Results
We approached 606 eligible participants for this study, of whom 112 refused (18.5%). Of these refusals, 85 were unwilling to participate, and 27 were willing but said they did not have time. One participant withdrew during the interview. Therefore, 493 (81%) homeless men completed the interview. An additional 19 participants refused to donate specimens. Blood and urine specimens were therefore obtained from 474 participants. The overall participation rate was 78.2%. Among them, 105 participants were Muslim, 380 were Hindu, and eight were another religion. All Muslims are circumcised on religious grounds, and Hindus in this area do not usually opt for circumcision. We restricted our further analyses to the 485 Hindu and Muslim participants. We assumed all Muslims were circumcised and all Hindus were not.
The mean age of the participants was 28.2 years. The study participants had been living in Kolkata from 0 to 32 years, with a mean duration of 4.7 years. Overall, 63.7% of the participants had not attended school; however, approximately half of them could read and write their names. Almost 43% were currently married, but only a quarter of the married participants lived with their wives. Ninety-four per cent of participants had ever used tobacco or consumed alcohol. HIV knowledge was poor. Only 10% of men perceived that they were at risk of HIV infection, although 90% were sexually active. The mean age for sexual debut for Muslim men was 19.5 years, and 18.9 years for Hindu men. Over four-fifths of the participants had ever visited a CSW. The average number of sex partners in the past 6 months was three per participant. Only a quarter of them had ever used condoms with non-regular partners.
A comparison of sociodemographic and sexual risk behaviors of Hindu and Muslim men is presented in Table 1 .
The Hindu men were younger. There were more illiterate individuals among Muslim men than among the Hindu men. No significant difference was observed between the two groups with regard to income, home visits per year, substance abuse, and having sex with men. Visits to a CSW and multiple partners were, however, significantly more frequently reported by Muslim men.
HIV prevalence was significantly (P < 0.001) higher among Hindu men (4.4 versus 0.98%), but the prevalence of syphilis (6.9 versus 7.8%) and gonorrhea (5.2 versus 9.8%) was not significantly different between Hindu and Muslim men ( Table 2 ). The prevalence of gonorrhea among HIV-positive (5.9%) and HIV-negative (6.2%) men and the prevalence of syphilis among HIV-positive (11.8%) and HIV-negative (6.9%) men were not significantly different. The prevalence of HIV among gonorrhea-infected (3.5%) and gonorrhea-uninfected (3.7%) men among syphilis-infected (6.1%) and syphilis-uninfected (3.5%) men was also not significantly different. Crude analysis did not show any significant association between HIV or STD with religion. An adjusted analysis, however, demonstrated that Muslim men had a 57% less likelihood of being positive for HIV (odds ratio 0.43, 95% confidence interval 0.29-0.67) than Hindu men. Adjusted analysis did not reveal any significant association between syphilis or gonorrhea infection and religion. (Table 3) indicated that visits to CSW, frequency of visits to CSW, condom use with CSW, having multiple sexual partners, and being married were independently associated with being positive for HIV in this study, whereas being Muslim was protective.
Adjusted logistic regression analysis for predictors of HIV

Discussion
This population-based study expands results from other studies in India. This result supports previous reports that male circumcision, which is routinely practised among Muslims, reduces the risk of HIV acquisition. Despite having more partners and visits to CSW, the Muslim participants had a lower prevalence of HIV, suggesting that a biological effect of circumcision protects against HIV infection. In an uncircumcised man, the cells in the inner foreskin and frenulum are directly exposed to vaginal secretions during intercourse, and this accessible location of HIV-1 target cells presumably increases the risk of infection. In contrast, in circumsized men, the penile shaft is thought to be covered with a thickly keratinized epithelium, providing protection from infection. The role of genital hygiene in the association between male circumcision and HIV infection is unclear. Several studies have shown that when compared with circumcised men, uncircumcised men are at greater risk of acquiring certain STD. Other studies, however, have found no association between STD and circumcision [8] [9] [10] [11] . The first systematic review and meta-analysis of the association of male circumcision with ulcerative STD [12] reported that potential male circumcision interventions to reduce HIV in high-risk populations may provide an additional benefit by protecting against certain other STD (e.g. chancroid, syphilis). We did not, however, find any significant protection against STD among those who were circumcised.
Any misclassification of circumcision would have lowered the observed association. HIV testing was performed after the interview by technicians who were unaware of the religion of the participant or the interview results. The reported status could thus not have differentially influenced the test results. Our data did not reveal a significant association between religion and syphilis or gonorrhea infection. It is possible that the higher level of infectiousness of the syphilis and gonorrhea organisms may have overcome the protective effect of circumcision in those men who had limited access to hygienic facilities.
The validity of the study might have been jeopardized depending on the extent of non-participation and nonresponse. Low rates of participation (61-82%) by homeless individuals have been observed in other studies [13] . We were not able to compare the characteristics of non-participants with participants. To have biased the results, non-participating Muslims would have had to practice less risky sexual behaviors than Hindu participants, which is counterintuitive, or Hindu men who refused participation would have had to practice more risky sexual behaviors.
The study suggests that circumcision reduces the risk of HIVacquisition among a high-risk group of men in India, the homeless. Age, education, marital status, income, alcohol use, commercial sex worker visits, condom use, multiple partners, and AIDS awareness were adjusted. c P value for adjusted analysis. 
